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PROJECTION DISPLAY DEVICE 

This qjplication is a divisional of application Ser. No. 
08/409^22, filed on Mar. 24, 19^. now U.S. Pat No. 
5,622.418 the entire contents of whid) are hereby incoqxv 
rated by reference. 

BACKGROUND OF THE INVENTION 

This invention relates to a projection display device that 
magnifies and projects the image displayed on a scattering- 
type liquid crystal light valve onto a screen, and to a light 
source device that is incoiporated into die projection display 
device etc. 

The nuLtn type of the liquid crystal light valve used in 
projection light valves has consisted of twisted ncmatic CTN) 
liquid crystals sandwidied between two polarizing plates. In 
such a projection dis|>lay device, howevo:. since over half of 
the li^ emitted by the light source device is lost at ttie 
inddent-side polarizing plate, and since, to avert thermal 
degradation of the polarizing i^ate due to lig^ absoqjtion. it 
is necessary to limit the light emitted, it was impossible to 
Inaease die fartg^tness of the projected image. 

Apfojection display device that dispenses with the polar- 
izing plate and uses a scattering-type liquid crystal light 
valve Is disclosed, for cxan^le. in Js^ese Patent Kolcai 
FUbHcation No. 1S834S/1993 (U5-188345). Hie scattering- 
type liquid crystal ligfit valve may be. for exsmpte, a 
polymer-ndispersed liquid crystal (TOLQ, cx a dynamic 
scattering mode (DSM) liquid oystal. HG. lAand FIG. IB 
are explanatory diagrams showing the principle of the 
FDLC In the figures, the PDLC comprises a polymer 2t5 
sealed between transparent substrates 203 and 2i4. whidi 
are respectivdy provided on the inner surface with dec- 
trodes 2tl and 202. and liquid crystal 206. \^ch is dis- 
persed therein in the fonn of droplets. When voltage V is not 
applied between the electrodes 201 and 202. the liquid 
crystal molecules 206a within the liquid crystal 206 are 
oriented In random directions, as ^bown in FIG. lA. with the 
result that a difference in refractive index arises between the 
pcrfymer 20S and the liquid crystal 206. and incident light 
207 becomes scattered light 20&. On the other hand, when 
voltage V is ^f[died between the electrodes 201 and20Ztfae 
liquid crystal molecules 206a of the liquid crystal 206 are 
oriented in the direction of the electric fidd. Since the 
refractive index of die liquid crystal 206 and the refractive 
index of the polymer 205 have been so chosen as to be 
identical when the liquid crystal molecules 206a are oriented 
in this way. the inddent light 207 passes though in a straight 
line without bdng scattered. 

However, while a projection display device provided with 
a scattering-type liquid crystal light valve has the advantage 
of being able to achieve high brightness of the projected 
image, it suffers from other problems to be described blow. 

The first pioUem occurs in projection dis(^ay devices of 
the type shown in FIG. 2. Id such a projection display 
device, etnitted light 214 from a light source device 213 
oon^sing a lan^ 211 and a parabolic mirror 212 passes 
duough a scattcring-type liquid oystal light valve 215. a 
field lens 216 and a projection lens 217. so as to magnify and 
project it onto a screen 220. Then, to increase the contrast of 
the prcjected image, the scattered light COTOponeat cf the 
liquid crystal light valve 215 is removed by varying die 
aperture diameter of a di^ihragm 218 of the projection lens 
217 to reduce the diameter of an entrance pupil 219. In (he 
event, however, that the lamp 211 has luminous region with 
long and nairow shape, such as a metal halide lamp or 
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halogen lamp, rather than luminous region in the shape of 
dot such as a xenon iarap. even if the aperture diameter of 
die dic9>hragm 218 is varied and die diameter of the entrance 
pupil 219 is reduced, the brightness of the projected image 

5 mcrdy decreases without any adequate increase in contrast 
The second problem occurs in the projection display 
devices of the type shown in FIG. 3. using dichroic mirrors 
35a and 35fr and a dichroic prism 38. In such the projection 
display device, emitted liglu 100, which was emitted by a 

JO light source device 33 con^sing a lamp 31 and a parabolic 
minor 32 and passed through a filter 34. is separated by the 
dichroic mirror 35o into red light. lOOR. whidi passes 
through, and green light lOOG and blue light lOOB, which 
are reflected, and die reflected green and blue li^t is 

I j separated by the dichroic mirror 3Sb into the green light 
lOOG, whidi is reflected, and die blue light lOOB. wtiich 
passes ttirough. The red. green and blue homogeneous light 
lOOR, lOOG and lOOB then pass through liquid crystal light 
valves 37R. 37G and 37B respectivdy, and imfnnge fcom 

2g eadi incident surface for homogeneous light onto die dich- 
roic prism 38. Composite Light ccHisisting of the red. ^een 
and blue homogeneous light lOOR, lOOG and lOOB 
inqxinges on a projection lens 39. and is magnified and 
projected on die screen 12. 

25 In terms <^ die transmittance T. the didirdc micror 35a 
has a wider transmission band of p-polarized light compo- 
nent than s-polarized li^t component as shown in FIG. 4A. 
In terms of die reflectivity R. the didiroic prism 38 has a 
wider reflectivity band of s-pcdarized light component than 

30 p-polarized lig|bt conqxment as shown in FIG. 4B. Thus 
widi respect to red light s-polarizcd light con^nent is 
limited by die dichroic mirror 35a. while p-polarized tight 
coiX9>Qttent is liinited by the dichroic prism 38. As shown in 
FIG. 4C, die intcgpiicA spectral characteristic TxR becomes 

35 narrower for both p-polarized light coniponent and 
s-polatized light component, so tted the efiSdency of light 
utilization is low. 

The diird problem occurs in the projection di^y devices 
using didiroic mirrors 9Sa, 856, 85c and 8S<f. as shown in 

40 FIG. 5. In such the projection display device, light 100. 
which was emitted by a light source device 63 comprising a 
lanq;) 61 and a parabolic mirror 62 and passed through a filter 
64, is separated by die dichroic mtiror 85a into red lig^ 
lOOR and green light lOOG. which pass through and bhie 

45 light lOOB. which is reflected. The red and green light are 
scpoiated fay die dicfardc mirror 9Sb into red light lOOR. 
which is reflected, and green li^ lOOG. which passes 
through. The blue light lOOB passes through a liquid crystal 
light valve STB and a field lens 88B. then passes diroug^ die 

50 color-synthesizing dichroic mirrors 85c and 85J. and 
inqnnges on die projection lens 69. The red light lOOR 
passes throng a liquid crystal light valve 871 and(I a fidd 
lens 88R. is reflected by the color-synthesizing dichroic 
minor 85c, passes diroug^ the color-synthesizing dichroic 

55 miorar 85dL and imphiges on the projection lens 69. The 
green light lOOG passes through a liquid crystal light valve 
87G and a field lens 88G. is reflected by a reflecting mirror 
86b and the oolOT-synthesizing dichroic mirror 85J. and 
mqnnges on the projection lens 69. Thus homogeneous light 

60 impinged on the projection lens 69 becomes a single com- 
posite light and die con^x>site light is magnified and pro- 
jected on the screen 12. 

For cuuDple, widi regard to the blue light die dichroic. 
mirror 85a has the reflectivity R shown in FIG. 6A. and die 

63 reflected blue light is partialis polarized in such a way that 
s-polaxized light component is a wider band than p-polarized 
light component The dichroic mirrcx' 85</. which has the 
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function of allowing the blue light to pass through, has die disposed in flie vicinity of a focal point of the light con- 

transmittancc T shown in HG. 6B. and the transmitted bhie veiged by the field lens, and magnifying and projecting the 

light is partially polarized in such a way that p-polarized image on the liquid crystal light valve onto a screen; a 

l^t component is a wider band than s-polarized light second diaphragm having an qxature and prowded m the 

c^eiTxhus die integrated spectral chaiact^ 5 projection lens; afirst means for varying toe aperture 

ofl2Hichroicraint«rs8Sfland8M.aieasis5howninnG. <«an«ter of the first diaphragm; and a second means fOT 

«Cnius.withiespecttotheWueUghttbesi»lari2«lUght varying the apertire diameter of the second '^^f^ 

extent is ^ •»y *« <^<' ntoSr 85rf. wWle varyu.8 Ac diaineler of an entiance pupil of the 

fMwlarized light con^wnent isk p-polarizcd light oomfw- projection lens. 

uMt is limited by the dichioic minor 9Sa. so the efficiency lo According to another aspect of the present mvention. a 

of llsht utilization is low. projection diqilay device compnses: a bgbt source means 

Further, thoe is a trend away ^ the ^of Imogen SLTSI^S^S^^^^ 

iMnps as the hght source dewcein the projecUon d^tay ^. .nd btoe light; scatt«ring-t?pe Uquid aystal 

devfces andtoward the use tagh^tege discharge Imps. BTfor fonSig a 

sudi as sthort-arc type compac^ metal halide lamps. wh«S. » '^^^^^^^ ,egi^ transmits Itelight emitted by 

offer gn««erUght«itput> h^a^^ ^ ««i a scattering-^ r^ dJt 

longa lamp hfe. along wilhcutetand^^ reodmojt ^ by light soJce meanTthereby 

HG. 7b aperq^tive wew showing Aeflnirtme of ah^ ^ ^ ^ ^ ^ 

soun* device tavu« a h.0Hy^ltage«te pUtesf„^ green and Hue l^ea^disposed in the path 

'''^SSK^'f^ri^^'i? r'^'^H^ oftheUghttniSedttaoughS.UquidaVaallightv^ 

forred.?L.andbhielight.1nHla.ileoffotatingaplane 

pr^ a conc.j« sarfjjce of revolubon. whrfi may be a ^J^^ „ ^^^^ poliSlight by a predeto- 

'^"^:I^^ ''^^^.°^J!f^ ? ^ minedaBgle;«dictaoicpriimfcrsynthesizingthered.green 

hasan«diedr.flMtmgmiiTwlW.am^^ res^^ ^ssed thn^gh the Uquid 

cryst.lUg^es;a^jeiiriensformagnifying«wl 

piece IM to bold ftc mouth p«ce IW on the leflectmg ^^^^^^ cmitid bythe dichroic prism onto a 

mirrar 101. Thus, the flow of air m the direction of the i^vi**-^ f i~ 



airows in flie fieurc is improved by the notch, ther^ • .. ~„ ^ ^ x 

toacLg cooIfaieffidenT^^n. FIG. 8 is a crosZ . Acoocding to a stiU wothex aspect of the pr.^ 
secto^viewsh^g a ^t source device p«,^ with 30 mvenbon. a projection display devj« compr«es 
anairductllT.whichfcdi^osedinJapanese'^tKokai s^ace meaa* for ^l^'f^..^^^^'^ 
FUblicatioa No. 127138/1992 (114-127138). In ftis light '^'^■''^^''.T^''J^^^J^tttlT^ 
source device, an air stream is delivered fiom the duct 117 '^f^'^^'^^r^^^J^J^ 
inthedirectionshownbythe«rowsusingafan(notshown). 

andcooUngairisdeliv«edattheinn«rddeoflhereflecting 35 ^ ^f^T^ ^ ^^T^ 

. s-polarized lig^ ccm^Kment of each of the red, green and 

^ „^ „ ^ blue lifljit, and nairowband transmission property with 

The Ught source devices of HG. 7 and FIG. 8, hcwevff. aspect to the other component; scattcring-type liquid crystal 

suffer from the i«*icm that air cannot be ddivercd equally yXvalvcs for the red, green and Wuc light for forming a 

at the periphery of the lan^ 102 so that as a resuft of ^ tja,,j^n^g.statc region that transmits ttic light and a 

incgolarity in the surface tcmpefaturc of the lan^ 192. scattcring-statc region that scatters the Ught, thereby fom- 

emission distribution becomes uneven. Ftnthcr, tiie ^^^^^^ ^ ^^^^ ^ 

source device in HG. 8 has the problem that the device is synfl^esizing means for synthesizing the red, grcai and bhic 

^^^^ light each cf which passed through the liquid crystal li^ 

SUMMARY OF THE INVENTION « vaWes. the lighl-synAesizing means having 

mission property with respect to either the p-polanzed light 

An object of this Invention is to provide a projection component or s^pdatized light conqioneDt of eadi of the 

display device capable of displaying an image of high red, green and tdue Ught and narrowband transxmssion 

brightness and high contrast property with respect to the other conqponent; and a projec- 

Another object of this invention is to provide a compact so tion tens fw magnifying and projecting the lig)it emitted by 

light source device in which the surface oi die lamp can be the color-synthesizing means onto a screen. Ftnthcr. a kind 

cooled comparatively evenly. of the polarized light conq[M>nent having wideband transmis- 

Accoiding to one aspect of the present invention, a sion property in the color-separation means is identical widi 

projection display device comprises: a hunp for emitting a kind of the polarized Ught oonqwncnt having the wideband 

white light; a concave mirror for collecting toe Ugjit emitted 55 transmission property in the color-synthesizing means with 

by die lanqi; a first di^hragm having an i^witure through respect to each of the red, green and blue light 

which the light emitted by the lamp passes and di^>05ed in According to a further a^>ect of the present invention, a 

die vicinity of a focal point of the light collected by the light source device conq;irises: a reflecting minor having a 

concave minon a collimation tens for rendering parallel the light-reflecting surface io the form of a concave surface of 

light passing through die q>eiture of die first diq^nagm; a 6o revohition; an qwture in die reflecting miiror formed in the 

scattering-type liquid aystal lig}it valve for forming a vicinity of an axis of revolution of the light-reflecting 

Iransmitting-state region that transmits the light rendered surface; a lamp provided within die reflecting mirror; a 

parallel by die collimation tens and a scattering-state region holding piece for holding the lan^ on the axis of revolution 

diat scatters die light rendered parallel 1^ die coUimation of the light-reflectittg surface; a first damp member for 

tens, thereby forming image on die liquid crystal Ught valve; 65 clamping die holding fwece in die vicinity of the ^jerturc of 

a field lens for converging die Ught rendered paraUcl by die the reflecting mirror, a second damp member for clamping 
coUimation tens; a projection lens having an entrance pupil die lamp to die holding piece; and a ventilating means 
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disposed behind the reflecting mirror and ventilating an FIG. 19 is a diagram showing the configuration of a 

inside of die reflecting minor. The apeituie is partially projection display device in accordance with the third 

covered by the light source and the holding piece and embodiment of this invention; 

functions as a passage ditough whidi the air aroamd the ismp FlQ. 20 is a structural diagram showing the optical system 

flows. 5 of a projection display device in accOTdance with the fourth 

BRIEFDESCRlPnONOFTOBDRAWlNCJS ^ ^ ^ 

FIG. 21 IS a graph showing the spectral characteristics of 

FIG. lA and FIG. IB are explanatory diagrams showing a metal halide lamp; 

the princq)le of die PDLC; PIQ^ 22 is an explanatory diagram showing die function 

FIG. 2 is a structural diagram showing the optical system of a haifwave plate; 

of a projcctioD di^y device in accordance with prior art; pjQ 23 is a grq)h showing die spectral transmittance 

FIG. 3 is a structural diagram showing the optical system diaracteristics of the red-transmitting dichroic mirror 35a in 

of another projection display device in accordance with prior piQ. 20; 

^ j5 FIG. 24 is a gr^ showing the spectral transmittance 

FIG. 4A is a diagram showing the spectral chmacterisdcs characteristics of the blue-transmitting dichroic mirror 35^ 

of the diduoic mirror 35a in die device of FIG. 3; in fig. 20; 

FIG. 4B is a diagram showing die spectral characteristics piG. 25 A is a graph showing the spectral reflectivity 

of the dichroic prism 38 in Che device of FIG. 3; characteristics of the red-reflecting surface of the dichroic 

FIG. 4C is a diagram showing die integrated spectral 20 prism in FIG. 20; 

diaracteristics of the didiroic mirror 35a and the dichroic piQ, 25B is a gra|A showing the spectral transmittance 

prism 38 in the device of HG. 3; characteristics of the green-transmitting surface of the dicfa- 

FIG. 5 is a structural diagram showing the optical system roic prism in FIG. 20; 

of yet another projection display device in accordance with piQ, 25C is a graph showing the ^)ectral reflectivity 

prior art; 23 diaracteristics of the bhie-reflecting stirfece of the dichroic 

FIG. 6A is a diagram showing the spectral cfaaractcrisdcs prism in HG. 20; 

of the dichroic mirror 85a in the devke of PIG, 26 b a gnqih for die purpose of explaining die 

FIG. 6B is a diagram showing the spectral characteristics wavelengdi-depeiidence of a haUwavc plate perfonnaiicc; 

of the dichroic mirror 9Sd in die device of FIG. 5; FIG. 27 is a structural diagram showing the optical system 

FIG. 6C is a diagram showing die integrated spectral ^ of a projection display device in accordance with die fifth 

characteristics of the dichroic mirrors 85a and 8SJ in die enbodiment of this invention; 

device of FIG 5; FIG. 28 is a structural diagram showing die optical system 

FIG. 7 is a perspective view showing a l^t source device of a propction display device in accordance with the sixth 

in accodance with prior art; ^ embodiment of this invention; 

FIG. 8 is a ooss-sectional view showing another ti^ FIG. 29 is a grifih showing the spectral reflectivity 

source device in accordance widi prior art; characteristics (tf the green-reflecting dichroic mirror 35c in 

FIG. 9 is a structural diagram blowing the optical system FIG. 28; 

of a projection display device in accordance widi the first FIG. 30 is a structural diagram showing die optical system 

embodimeiit of diis invention; 40 of a projection display device in accordance with the seventh 

FKj. 10 is a front view of die ^Ka fA^fi?" 4 of an cmbodinient of diis invention; 

illuminating system; FIG. 31 is a showing die ^>ectral transmittance 

FIG. llAandFIG. UB areciqilanatQry diagrams showing characteristics of neodymium g^s; 

the rdationdi^ between a scattoii^-type liquid crystal light FIG. 32 is a structural diagram showing the optical system 

valve and die entrance pupil 10 of the projection lens; ^ of a projection display device in accordance with the eig;hth 

FIG. 12 is a cs^lanatory diagram for the purpose of embodiment of this invention; 

GC|dainiiig die contrast of a projection disphiy device vifbcn FIG. 33 throu£^ FIG. 36 are graphs showing the spectral 

the entrance pupil diameter is smaUer dian the light transmittance diaracteristics of the dichroic mirrors 65a, 

source inuige diam^er at die position of die entrance 65^, 65c and 65d respectively; 

pupil 10; ^ FIG. 37 is a saxuctural diagram showing die optical system 

RG. 13isagr^of showingthcrelationshipbetweentfae of a projection di^y device in accordance widi the nindi 

voltage applied to die liquid crystal light valve and the embodiment of diis invention; 

luminous flux emitted from the projection lens; FIG. 38 is a stroctural diagram showing the optical system 

FIG. 14 is a graph showing the screen brightness char- of a projection display device in accordance with the tendi 

acteristics and c<»itrast charactoistics; embodiment of diis invention; 

FIG. 15 is a graph showing the contrast characteristics of FIG. 39 through FIG. 42 are graphs showing die spectral 

a projection display device in a darkroom and in a bright transmittance characteristics of the dichroic mirrors 85a. 

room when the room light is turned on; 856, 85c and 8&/. respectively^; 

FIG. 16 is a structural diagram showing die optical system «o FIG. 43 is a structural diagram showing the <q)tical system 

of a projection display device in accordance with die second of a projection display device in accordance widi the dcv- 

embodimeot of this invention; enth embodiment of this invention; 

FIG. 17 is an explanatory diagram showing die operation FIG. 44 duough FIG. 46 are explanatory diagrams sbow- 

of a conical or pyramidal lens 16; Ing die function of the haifwave plate in FIG. 43; 

FIG. ISA and FIG. 18B are explanatory diagrams show- 65 FIG. 47 is a structural diagram showing the optical system 

ing the princQ>le by whidi die distribution d the luminous of a projection di^lay device in accordance with the twelfdi 

flux from a conical or pyramidal lens 16 is made uniform; embodiment of this invention; 
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FIG. 48 is a grm* showing the characteristics of the fitter The projectioD display device of the first embodiment is 

93 in FIG 47* further provided with a scattcring-typc Uquid crystal Ught 

nG.49isa'sh.ctj^ t^l^^^V^^^ 

^f^~ m accordance with the thir- ^^J^^^^^^ of Ae incident light and a 

teenth embodiment of this invenuon; 5 ^^^g,^ dSt^ten; the incident a field 

FIG. 50 is a cross-sectional diagram showing the con- ^ disposed in the vicinity of the liquid aystal 

figuration of a light source device in accordaace with the ^^^^ ^ condenses die light passing through the 

fourteenth embodiment of this invention; liquid crystal light valve 6, and a projec^on lens 9 provided 

RG. 51 is a perspective view of die device in FK}. 50; with a diq^hragm 8. die aperture of which can be varied, 

FIG. 52 is a aaph showing Ae results of experiments on Further in HG. 9. a reference numeral 10 designates an 

temperature distribution in the device in FIG. 50; entrance pijpil of the projecUon lens 9^ 

~Zr „ , , J. u • a portion of die light scattered at die bquid crystal light valve 

FIG. ^^^JJ^'-"^^"^^ 6^reducetheMghtnessof theblSdcpS^^ 

figurauon m RG. 50 with the addmon of a radiaimg fin U3 ^^^^ ^ projected image, diereby inocasing the contrast 

FIG. 54 is a perspective view showing another example of 15 of the projected image. A reference numeral 11 designates 

holding member 104 of the device in RG. 50; exit pi^>il of die projection lens 9. The focal lengdi of die 

FIG. 55 is a pcrq)cctivc view showing yet another field lens 7 is fj. and the distance between the field lens 7 and , 

exans^e of holding member 104 of the device in RG. 50; the entrance p^ 10 (a i^ane SJ is set to be substantially 

FIG. 56 is a ooss-scctional diagram showing die con- equal to die focal Icngdi f j. The field lens 7 has flic fiinction 

figuration of the device in RG. 55 widi the addition of a 20 of conden^ die ^^ItM^tS^ 

rS^rf-nofin 114- light valvc 6 awl iinuHaimg thc condcused Ugjit L4 With high 

raaiaung nn iw, .... ^ . ^ efficiency into tf»c entrance pupil 10 <rftiic projection lens 9. 

RG. 57 is a cross-sectional diagram showmg the con- da^nagm 8 cf die projection lens 9 has die same 

figuration oi the device in RG. 55 witti die addition of structure as die di^)hiagm 4 of die iUuminating system 

anodicr radiating fin 115; ^ jn piG. 10. 

RG. 58 is a perspective view ^winganoflier example of *nie pcojection display device of die first embodiment is 

holding member 104 of die device in RG. 55; and furdier provided widi an {^texture varying section 13 that 

RG. 59 is a pcx^icctivc view showing the configuration varies flic ^)cmirc diameter of die diq)hragm 4 for die 

ofdiedeviccinRG.58wilhdieadditionofanairductll6. illuminating system, an apatmc varying section 14 ttiat 

varies die qperture diameter cf die diiqphragm 8 m order to 

DETAILBD DBSCRIFnON OFTHE ^ vary the diameter of die entrance pupil 10. and a 

INVENTION controiier 15 for controlling die aperture varyii^ sections 13 

^ „ , . , ^ and 14, The corttroUer 15 controls the ffl)erture varying 

Following « an «planatK>o of the |»ef««d embodiments 13 and 14 In such « way that a pr^-bed lelatio^ 

2 IT*?. . shm Is maintained between Uic aperture diamctarD, of the 

device in accoidance with a first embodiment <rfdiisinveii- ii. rar cxampic, ™ 

*i*avv«iwu»^ « dthex the aDcrture ^i«"w>»wr of the diairfirafliii 4 or the 

tion. In RG. 9, die projection display device canc5)iises a ™" mci^Kiuuc uwuicta 

hahde lamp and «.eB^«n^^ « rvSTsuTtet the ap,«,^coolf.st wiU be obtained. 

muminaungqrst«i^tbeq)ert« FIG.llA shows tbe^l?^ light advances whe» the 

be v««i and a coUumOio^ tens 5 .^O^t^ UaS^ jJ^J^ vahre « is in iheXsmitting state, and 

passmg th^o^^ pamUa The 1^ )^^^ FIG. Itt showffte way in which Hght «Kanc^ when the 

oettte IS m '^^'^..^J^^^^^f^J^^.f^^ li,uidaystallightvalve«isinthescSering»«ate.As shown 

SSTis ~!^2EuH> vicinity of a second fo«l point ^S^^f .^S^^SSt^nK 

PP, of the elliptical mfaror 2. Tlie d^hragm4 comprises, as *«>^ ^ field tens 7. and >sfo««f * **'ir*^°,^^A 

r^^H^^sis^^^ :ssrhS£^->^nt^.sr2:^^^* 

point FP.rfttttelljpbolm^^ passes th^gh the field tens 7 and is blocked by the entrance 

diajnetor of the coUected «^ L.. Tte foca^^ ^ ^ ^^^^ l^it that is 

kt^?:rrSC»4.^^ " ^« ^ dimS^between flie 

S^tially^el light L.The « S^e^^S^S'^r^'^ofVc'-^;;^^^ 

of the light L, passmg through die coUimation lens 5 and . w^uwu r%^j ^ ^ ., /. 3!* 

Lj, shown in RG. 9, can be otoined using Equation (1) ^ ttn flr=iVC2/2) (2) 

below. As will be appreciated firam Equation (2). die smaller 
t»D©i=^>(2/i) <0 entrance pupil diameter becomes, die smaller will be 
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scatteied-light recqMion angle 62* and the amount of scat- phragm 4 and the light source image diameter D»* is as 

tercd light that is removed by tht entrance pupil 10 will shown in Equation (6) below. 

increase. Thus if the entrance pupQ. diameter D|, is reduced. DJDi,*=f/f (6) 
the black level of the projected image will be lowered, and 

a projected image of higher contra^ CR can be obtained. 3 White-level taigbtness loss is minimized and at the same 

Taking the white level luminous flux passing through the time the contrast of the projected image is maximized, when 

entrance pupil 10 as <l>, and the black level luminous flux diat light source image diameter D^, and entrance pupil D^' are 

is blocked by the entrance pupQ 10 as the contrast CR coincident Thus, if the values of and D^, arc set in sudi 

may be obtained by Equation (3) below. a way that the relationship among the aperture diameter 

10 of the duq>faragm 4. the diameter of the entrance pupil 10, 

Ciuo/Orf (3) fsj^ \txs!g^ f, <rf the coUimation lens 5. and the focal 

. J. c A. * 1 • *u length f^ of the field lens 7 is as shown in Equation (7) 

FIG. 12 IS a diagram for the pupose of cxplaimng the "-"5*" 2 - • ^ 

contrast when the entrance pupil diameter is smaUcx than ^ ^ maxumzcd. 

the light source image diameter D^' at the position of the D^if^if^) 0) 

entrance pupil 10. In FIG. 12, the broken lines Indicate the a • • ^ * ^ n • u» 

componcS^fAe light from the liquid crystal light valve 6 ^garn. m order to mate die d.ai^ D, of the h^ 

thatdWeiges,andrsolid lines i^ '"""^ZT^^^ 

the ligbtlat passes though. THe luminous HwiZi passes (approximate^ 10% b^)Aan jham^ 

throuS the fidd lens 7 is designated as when an imLgc ^ the entnu^ piqnl. D and may be set to sal^fy the 

havinithe diameter D,' (that isT say, L image oTtoe relatlonshq) m Equation (8) below, 

diiqrfiragm 4 of the illuminating system) is fonned at the 0,;>XK<fM <B) 

S^aJSL^^Z^ i\ uJto • i» Equatioi; (7). but; th« arc advantages to be realized i«. 

whenlhccntrmcepiipflAaa^crD^^ the rfaxaHon of limitatioiis on tbc«)iifiguralion <rf the 

source imase bavine a Htaiiw ^«^ of n • (D^kDJ). that is to . t^uMJiamii ■ »"» wuue^— » « 

^e^4^^JSS^ fluL T^e following i>l«minating sy^ai^theac«u«y of thedisposmg of the 

u V«f5c^. iuinuiwis w luuuwuis j^gction lens 9, and in ease <rf construction, 

relationsfaip is satisfied, *^ FIG. 14 is a graph of the soecn brightness and 

«^ (4) co3itrast C!K(62) characteristics. As wiU be qipreciated from 

30 the figure, the contrast CR(03) will iiiq)fove. the smaller the 

When the liquid crystal light valve 6 is in ttie scattering scattered-light receptioD angle of the projection lens 9 

state, the biadc-level luminous flux is represented, fr<Mn bcamies. If , however, die scattffwWi^ reception angle 

Equation (3), by <l»i/CR. Since iKliite-level luminous flux is deaeased, the amount of the tight conqionent blocked 1^ 

timited by the entrance piqsil 10, die black4cvcl luminous the di^>hragm4 of the niiiminflHng syston and die entrance' 

flux will be if the aperture diameter of the 35 iq pfojcction lens 9 will increase, thereby 

diaphragm 4 is set in such a way tiiat the light source image decreasing screen brightness L^ej Thus, when the cmpha- 

Inmed at the position of the entrance piqril 10 is sis is to be jriaced 00 the contrast <rf the projected linage, die 

substantially the same as the entrance pupn diameter aperture diameter of diaphragm 8 of projectiott lens 9 should 

FIG. 13 is a gr^h showing the relationship between die |^ deaeased as should be die ^wture diameter of ^ 

voltage qiplied to the PDLC and the Luminous flux ^ illuminating system diq)hragm 4. When, on die odicr hand, 

projected, when Kquid crystal light valve is a PIHXl In die cnq)hasisistobcplacedonthcbrigdilncss of diepr«gcctcd . 

figure, the solid line indicates the Gfaaractcristics when image, the iqierture diameter of du^ihiagm 8 of projection 

iqierture diameter of die diapliragm 4issetsodiatdie should be increased, as should be ]9>erture diameter 

diameter D^' of the light source image formed on die d« of iUuminating system diai^iragm 4. 

entrance pupfl 10 of flic projection lens 9 is coincident with 45 piQ^ 15 is a graph showing the scattercd.li^ recepdcw 

die entrance pupa diameter (De,=D^*). The broten tine 9^ contrast CR characterises of a projection 

indicates die characteristics when the qwrture diameter D« display device In a darlcrocHn when ttie light is off an in a 

of die diapliragm4 is set so diat die diameter D^* of die light- room when die tight is on. When die scattered-tight 

source image formed on die entrance piqril 10 of die iccqjtion angle 8, is 2.8 degrees, contrast C3R in die daik- 

projection lens 9 is siig|idy larger dian die entrance pi;pil 50 ^^^^ is 100. In die bright room, die illuminating tight 

diameter (Dt<Dfr*). The black-level huninous flux when fliuminates die saecn 12 and raises Mack level brighmess. 

Dfr=Dfr' is Oj/CR, and die hlack-ievd luminous flux when wifli die result dial contrast CR drops to 30 as shown in FIG. 

D4,<D^' is Oj/CR. Rrom Equation (4), diese himinous fluxes 15 £yg„ jf ^ scattered-light reception angle and die 

are related in a manner shown by Equation (5) below. aperture diamcta of the diaphragm 4 arc increased, 

(OJCRxto KR) (5) thereby increasing the degree of the paralleHzation of the 

, illuminating tigjit from 2.8 degrees to 3.5 degrees, there is no 

White-levd himinous flux is ineq)ectivc of whedier effect on contrast CR and an inuige of apparendy greater , 

D^=D^'(H-D^<D^',andwhendiesizeof diaphragm 4 of die brightness, equivalent to a approximately 4(>% improvement . 

iil uminflfin g system and the entrance pupil diameter are in white-level bri^jitncss, can be obtained, 

coincident, maximum contrast can be obtained widiout 60 Thus it is possiUe, by contrc^g die iqierture diameter of 

sacrificing the wtdte level however die plane S^, which is die diai^uagm 4 and die q>eiture diameter of dijqihragm 8 

di^xised in the diaphragm of the innmimiting system and the of the projection lens 9 In accardance with die conditions of 

plane S3 which is placed oa the entrance piipil 10 are illumination in the area in which die image is to be viewed 

conjugate, and a tight source having the same configuration a projected image of appropriate contrast and hig|i faright- 
as the di^hragm 4 of the illuminating system forms an 65 ness can be obtained 

image at the position of the entrance pupH 10. Thus, the It shduld be noted that while the above description 

relationship between the aperture diameter of die dia- concerned die projection display device using a single liquid 
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crystal light valve, it is possible to realize the projectioD the brightness at a predetenrnned area on the screen 12 ( ic, 

display device using a separating section that divides ^tc daik-lcvel brightness L,), and a scattered-light reception 

light into red, green and blue light, three monochrome liquid angle detennining section 20 that drtennines the scattered^ 

crystal light valves for red. green and Wuc 11^ and a light receptimi angle 62 on the basis of tte brightness signal 

synthesizing section that synthesizes the red, green and blue 5 ou^t from the brightness detection section 19. The bright- 

llglit, ness detection section 19 comprises an image formation lens 

It may further be noted that while the above description 19a and a photodctcctor I9£>, and is by means of the 

concerned a case in which the field lens 7 was disposed on image fonnation lens I9a so diat the screen 12 and the 

the downstream of the liquid crystal light vaWe 6. die field photodctcctor 19i> arc in a conjugate relationship, 

lens 7 may equally well be disposed on the upstream of the 10 The Uack-levd brightness ^62) at the scattered-aght 

light vaWe 6. reception angle 63 when the dark-level brightness L, is 0 

Second Embodiment may he exfvessed by the following Equation (9) using the 

FIG. 16 shows the optical system of a projection di^lay white-level brightness L/O3) and the contrast CRIB^) shown 

device in accordance with a second embodiment of this in FIG. 14. 

invention. As shown in FIG. 16. the projection display 15 



device of the second embodiment differs from the device oi 



die first embodiment described above only in the one rc^KCt white-level brightness and the contrast CR* 

thai it is provided with a conical or pyramidal lens 16 that ^q^^^ when the dark-level brightness L, is not equal to 0. may 

is disposed in the vicinity of the apertiire of the diaphragm ^ expressed, respectively, by, 

4 of the illuminating system and of die second focal point 20 

FPj of the elUptical mirror i iV(ei)=MBj)rt^ (lO) 

FIG. 17 is an cxplanatcry diagram showing the function CK<e,)=iL/e^>rfL.^V{Lj(0,H-.} W 
of the conical or p^^amidal lens 16. As shown in FIG. 17. 

focused light beam Lj^^ from the ell4)Cical mirror 2 is Using data of the dark-levd brightness L, on the screen 

refracted at a plane face 16p and an inclined face 16a of the 25 12, the scattered-light rcortion angle dctcrnnning section 

conical or pyramidal lens 16. On the otfier hand, focused 20 calculates the vahie of 82 when L^XSa) and CR\B^ in 

Ught beam L^* is refracted at a the plane face 16p and an Equations (10) and (11) are maximized. Using the conttolier 

indined face 16fr of the conical or pyramidal lens 16. 15 and the aperture varying sections 13 and 14, die aperture 

Therefore, tbe light beam hi^a emitted from the indined dianictcr of (he diaphragm 4 and die q^eiturc diameter of 

fece I60 and the light beam L^j^ emitted from die inclined 30 die diaphragm 8 of the projectioD lens 9 can be dianged to 

face 16^ are substantially supcrin4>osed. the optimum values. 

FIG. 18A and FIG. 18B arc rfia gmiTK for the purpose of Since, in ttie thiid cmibodimeDt the aperturc diameter 

explaining die distribution of the light emitted from a metal of die di^ihragm 4 and the aperture diameter of die dia- 

halidc Jaiiq>l in ^(^licfa long electrodes Id and 12r extend in phragmSof die projection lens 9 are sel in aocoidaDcc with 

adirectionAof die center axis of revolution of dieeUiptical 35 the result of monitoring the brightness of the screen 12, a 

mirror 2. FIG. 18A shows the case In ^(diich die conical or projected image of the best bri^tness and contrast can be 

pyramidal lens 16 is not provided, and FIG. 18B shows the obtained in accordance with die illumination conctttion. 

case in which the conical or pyramidal lens 16 is provided. Further, in die third embodiment, a projected image of 

As shown in FIG. 18A. when die electrodes la and li» of die outstanding brightness and contrast can be obtained in 

metal halide lamp 1 are disposed on the axis of revolution of 40 accordance with ttic illumination condition in which the 

die elliptical mirror 2. the light emitted in a direction at a projected image is viewed. 

right angle widi the electrodes la and lb (upward and Note dud, in order to detect the dark-level brightness, the 
downward in die figure) is die strongest (sec ligjit quantity brightness detection section 19 detects the brightness at a - 
distribution curve 17 in FIG. 18A), and die strcngdi of die peripheral area of the screen 12 on which an image is nol^ 
light emitted in a direction A (tbe hatched portion in FIG. 43 projected. But it is equally possible to detect die brig^itncss , 
18A) is decreased. As shown in HG. 18B, by disposing die level of die area of die screen 12 on which an image is 
conical cr pyramidal lens 16 in die vidnily of die second projected, by providing a structure that momenta r ily inter- 
focal point ctf die elliptical miinM- Z die lig^t injected widiin rupts the projected light 

die range of ttj beccnnes the light emitted around 03, and die It is also possible to determine die scattered-light rccq>- 

light injected widiin die range of Pj becomes die light 50 tion angle by converting die color image to monocfaronoe 

emitted around Thus, die emitted light is superimposed image and direcdy detecting bodi brightnesses, and if, 

widiin tbe range ctf r l^c distribution of die light passing furdier. contrast is measured directiy by displaying a lattice 

dirough die conical cr pyramidal lens 16 is made uniform, pattern, it is possible to determine the scattered-light recep- 

making it possible to elinoinate die dark region (the hatched tion mrae rapidly. This structure is cfficctive for the projec- 

portion) in FIG. 18A. By this means the liquid crystal light 55 tion display devices in which a reflective-type screen is used 

valve 6 is uniformly itliit«i'n)it^ and a projected image and die brightness level of the image varies depending on die 

having high peripheral quantity of light and highly uniform screen type, 

brightness can be obtained. The other structures of the Fourth Embodiment 

projection display device of FIG. 16 are identical to die HG. 20 shows die optical system of a projection display 

structures bearing the same numerals in FIG. 9. 60 device in accordance with a fourth embodiment of diis 

Third Embodiment invention. As shown in FIG. 20. die projection display 

FIG. 19 shows die configuration of a projection display device <rf the fourth embodiment ccnqxdses an light source 

device in accordance with a ttiird embodiment of diis device 33 including a lanq) 31 and a parabolic mirror 32. and 
invention. In HG. 19. arefercnce numeral 18 designates die a filter 34 such diat die i lluminating light emitted from die 
projection display device shown in FIG. 9 or FIG. 16. The 65 light source device 33 diat is in die visible region (Lc, light 
projection display device of die third embodiment is also widi a wavelengdi of 400-700 [nmj) can pass diroug^. The 
provided widi a brightness d^ection section 19 diat detects lamp 31 is a white light source sudi as a metal halide lamp. 
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a xcnoo lamp and a halogen Ump. For exan^de. the metal valve 37B and impinge on the dicfaroic prism 38. Thus by 

halide lamp has a spectral characteristics such as is shown in passing green light 100 through and reflecting led light lOOR 
FIG. 21. The Lamp 31 is disposed in such a way the center and blue light 160B. the dicfaroic prism 38 ejects a synthe- 

ci emission of the lan^ 31 is in the vidmty of the focal point sized light toward the projection lens 39 so that a magnified 
cf the parabolic miirof 32. Again* the re^ective surface of s image is projected on the screen 12. 

the parabolic mirror 32 may. if necessary, be treated with a In FIG. 20. the colc»^-separation system contributing to 

coating that pcmuts the passage of infirared light (li£^ the (Le.. influencing) the hue of the red projected light is 

wavelength of li^ch is greater than 700 (nm|). thereby red-transmitting dichroic mirror 35a. Since, as shown in 

reducing the heat radiated toward liquid crystal light valves. FIG. 23, the dicfaroic mirror 3Sa has a wider transmission 

The luminous flux emitted by the lan^ 31 and then reflected lO band for the p-polarizcd light component dian for the 

from tiie parabolic minxir 32 becomes paraUel light 100 and s-polarized light component, red lOOR is partially 

is injected into the filter 34. polarized with tiie p-polarized lig^t conqx>nent stronger than 

Further, the projectioa display device accofding to the the s-polarized lig^itcampoDent Since red lig^t lOOR passes 

fourth embodiment comprises dichroic mirrors 35a, 3Sh and through the haUwave pUte 41R. the polarization character- 

35c. halfwave plates 41R, 41G and 41B. liquid crystal light i5' istics of the p-polarized and s-polarizcd lig|ht components 

valves 37R. yJG and 37B. dichroic prism 38 far color are interchanged, thereby resulting in partially polarized 

synthesis, and a projection lens 39. The relationships Light in which the s-polarized light con^nent is stronger 

between the optic axis 42 of the halfwave plate 41R and flie than flie p-polarized light component, the converted red 

ittddent light and between the optic axis 42 and the emission light lOOR impinges via the liquid crystal Ug^t valve 37R 

light of die halfwave plate 41R are shown in FIG. 22. Taking 20 onto the dicfaroic prism 38. Since the didiroic prism 38 has 

the angle between flie plane of vibration of arbitrary polar- the function of reflecting red lig|it lOOR toward the projec- 

ized light (Le.. natural li^ injected into the haUwave |4ate) tion lens 39. tiie spectral reflectivity characteristics of the 

and the optic axis 42 as cu the emission light is polarized so red-reflecting surface, as shown in FH3. 25A. have a reflect 

as to rotate the plane of vibration at an angle of 2a a with tion band that is wider for the s-polarized light component 

the respect to the plane of vihrati<H) ctf the arbitrary polarized 25 than for the p-polarized light component Aocordingiy. the 

l^t of the Incident light. In the fourth embodiment by red Ught is emitted from the projection lens 39 with a strong 

setting the angles a between the planes of vacation of both s-polaiized light component and a weak p-polarized lig^ 

s-pclarized li^t and polarized ligjit with the optic axis 42 coooponent Thus, in comparison with the exami^ cS prior 

of the halfwave plate to 45 angle 2a was made to be 90°. art shown in HG. 3, the red light reflecting surface of the 

Thus, the s-polarized lig^componaitoftheinddciitlig^t is 30 dicfaroic prism 38 can cffidentiy reflect both the s-pc^arized 

changed to p-polarized light component by passing through and the p-polarized li^t compoaents of the red lig^ht lOOR 

die halfwave plate 41R. In the same way. the p-polarized toward the projection lens 39, so a stronger red illuminatioB 

light con^xxtent is changed to the s-polarized lig|ht compo- can be obtained. 

nent by passing through die haUwave plate 41R. The half- The color-scparatioD system contributing to the hue o£ die 

wave plates 41G and 41B have analogous functions. 3S green projected is the gieeiHreflecting dicfaroic mirror 

The dichroic mirm 35a reflects green 1^ lOOG and 356. Since^assbown HG. 24.diedichn>tcnitnor356hasa 
blue light lOOB. passes red light lOOR. and has spectral, wider transmission band for die polarized li^tcoiiq)0&ent 

transmittance characteiisttcs shown in FIG. 23. The didiroic than for the s-polarized light coa^nent (that is to say. has 

mirror 3356 reflects green light lOOG. passes blue lig^ a wider reflection band for the s-polarized light components 

lOOB. and has spectral transmittance characteristics shown 40 than for the ppolarized light compoaastX green light lOOG 

in FIG. 24. The dichroic prism 38 synthesizes red Ug^ is partially pcdarized with the solarized lig^ component 

lOOR. green light lOOG and bhie light lOOB, which have stronger than tiie p-polarized light oonq>oaent Since green 

been injected from the respective planes of incidence, and l^t lOOG passes through the halfwave plate 41G. the 

ou^ts a flux of synthesized light towanltf^ projection lens polarization characteristics of the p-polaiizedr and 

39. The dicfaroic prism 38 has spectral reflectivity cfaarao- 4S s-polarized light components are interchanged, thereby, 

teristics shown in FIG. 25A with respect to the red-reflecting resulting in partially polarized 11^ in wtikh the p-polarized ^ 

surface, spectral transmittance characteristics shown in FIG. light component is stronger than the s-polarized light com- - 

25B wifl) respect to green light and spcOal reflectivity ponent The oonvcxted green light lOOG impinges via the ^ 

diaractcristics shown in FIG. 25C with respect to the liquid crystal light valve 37G omo the dicfaroic prism 38w- 

blue-reflecttng suiface. so The didiroic prism 38 has the function of passing green light : 

In the device of the fourth embodiment having the stnic- lOOG tiirougb and ejecting green light lOOG toward flic 

ture described above, light 100. wtddh is output from the projectionlens 39. As shown in FIG. 25B. the dichroic prism . 

light source device 33 and passes Ifarough the filter 34 Is 38 has spectral characteristics such that the tmnsmisston ' 

separated by the dichroic mirror 3So into red light ItKR* band is wider for the p-polaiized than for the s-polarized ' 

whidi passes thou$^, and green and blue light lOOO and S5 light conqK>nent Acoordingty, the green light is emitted ^ 

lOOB. which are refleded. The path ofred light lOOR is bent from die projection lens 39 with a strong p-polarized light ^ 

by the reflecting mirror 36o so that it passes through the con^xment and a weak s-polarized light conq>onent Thus, 

halfwave plate 41R and the liquid crystal light valve 37R in coaqparison with the example of prior art shown in FIG. : 

and impinges on the dichroic prism 38. Green and blue light 3. the dicfaroic prism 38 can efiScientiy cause both the< : 

lOOG and lOOB. which were reflected by the didiroic miiror 60 s-polarized and the polarized light con^nents of the 

35a, are sq^aiatedl^ the didux)ic mirror 35Mntoblue light green light lOOG to pass through and emit toward the' 

lOOB, which passes through, and green light lOOG, whidi is prcjection lens 39, so a stronger green iUumiiuition can be 

reflected. Green light lOOG passes tiurough the halfwave obtained. 

plate 410 and the liquid crystal light valve 370 and The color-separation system contributing to the hue of the ^ 

impinges on flie dicfaroic prism 38. The path of blue light 6S blue projected light is the blue-transmitting dicfaroic mirror , 

lOOB is bent by the reflecting mirrors 366 and 36c. to pass 3Sb. Since, as shown in FK}. 24. die didiroic mirror 35Mias 

through the halfwave plate 41B and the liquid crystal light a wider transmisston band for the p-polarized light con^x)- 
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ncnt than the s-polarized Ught conqwncnt. blue UgJiL of each of these homogeneous Ught is made to be 610 1 nm).' 

lOOB is partiaUy polarized with the p-poiamcd Hght com- 540 Inml and 470 |nm| respectively, it is possible by setting 

ponentstrongerthanthes-polarizedlightcomponcnt Since the rttardadon ^^.^^^^f^^f^.V^^,^^^ 

blue light 1MB passes ihrSugh the hXave plate 41B, the paths to 305 |nm|. 270 lmn| and 235 Inm], re^vcly^ to 

pol^iSion r^^^^^ of tbe^o^ized^nd 3 — le^jJ^^^ 

s-pobnzed 'i^\«>"^iV^,.j^ sTo^s the^te^cal^ for the polarization coo- 

lesultmgmpartiallypolarizedligMmwhic^^ ^^^^ at this time. It was found that even at a 

light conqxmcnt is stronger than the p-polanzed light com. ^Ycxgcncc of ifO |nm] from the center wavelength, the 

poncnt The converted blue Ught lOOB mqangcs via Ac ^jg^tion conversion ratio was 95% or marc f« the 

Uquid crystal light vaWe 37G onto the dichroic pnsm 38. lO y^^^y^ ^i^^ eadi of the homogeneous Ugjit. a value > 

The dichroic prism 38 has the function of reflecting blue presents no problem. 

light IWB towards the jwojection lens 39. As shown in FIG. Further* nonreflective coatings (transmitting wavelength 
CT, the bhic-rcflecting surface has spectral characteristics yjands of, for exan:q>lc. 600-700 1 nm| fw red. 50O-600 1 nm) 
such that the r^ection band is wider forthe s-polarized light green, and 400-500 |nmt for bhie) consisting of multi- 
component than for the s-polarized light component, is layer dielectric films may. if necessary, be api^ed to one cr 
AccoTYlingly. the blue light is emitted from the projection boib of the light injection and light emitting surfaces of the 
lens 39 with a strong solarized light component and a halfwave plates 41R* 41G and 41B. This makes it possible 
weak p-polarized lig^it coixqx>nent Thus, in comparison to improve to s<Hne extent the transmittance of the halfwave 
with the example of jaior art shown in HG. 3, the bhie light plate. In addition, since tiie light injected into and passing 
reflecting surface of tiie didnoic prism 38 can efficiently 20 through tiie halfwave are subrtantiaUy parallel, the 
reflect both die s-polarized and the p-polarized light com- dqwndcnoe of the spectral cfaaractenstics on die incident 
ponents of the blue light lOOB toward the projection lens 39. angle is great and no problem is presented. Thus the coating 
so a stronger blue illumination can be obtained. can be composed <tf a multi4ayer tiiin fihn, thereby making 
As has been explained above, in this f ourtii embodiment it possible to reduce to a minimum Fresncl reflection at the 
by disposing the haUwave plates 41R.41G and 41B in front 25 surface, 
of die liquid crystal light valves 37IC 37G and 37B. to Fifth Embodiment 

interchange ttic spectral characteristics of die p-polarizcd HG. 27 shows die optical system of aprojection display 

light coiiqwnent an d die spectral characteristics of die device in accordance widi a fifth canbodimcnt of diisinven- 

s-polarized li^t component U is possible to match die tion. As is shown in FIG. 27, die projection diqday device 

relationship of die p-polarizcd and s-polarizcd cutoff wave- 30 of die fifth embodiment differs from the device in die fourth 

lengdjs in die ^Ksctraldiaraclcristics of die color-separation embodiment shown in FIG. 20 solely in diat in place of die 

system widi die relationship of die p-polarizcd and light source device 33, it is jvovided widi a light source 

s-polarized cutoff wavdengdis in die spectral characteristics device 53 c<xnprising a lamp 51 and an ell^stical minor 52, 

of die cokr-syndiesizing system. This makes it possible to an iltaminating system diafAiragm 54, a refleclive mirror 55 

icduce illuminating li^t loss, and to increase die bri^tness 35 andacoIlimatiMilens56.Thelanq>51is solocatedthatdie 

<rf die prelected image. center of its point off hmflinesccnce is at die position off die : 

Note, however, diat die halfwave plates 41IL 41G and first focal point of die ellqjdcal mirror 52. so diat die portion ^ 

41B do not act as shown in FIG. 22ataU wavdengdis. When of die ligjit emitted by die lamp 51 diat is reflected by die 

natural light inchiding an aibitraiily polarized liglit compo- ell^cal mitror 52 is focused die second focal p«nt of die . 

nent is injected into the halfwave plate, die irfane of polar- 40 ell^dcal minor 52 to form a secondary light source. If a 

izationrf die transmuted light wiU vary with die wavdengtii xenon lamp or similar li^t source diat is substantiaUy 

depending on die wavclengtfi dqiendence of die jAase dot-shj^)edhnmncscent is used as die lamp 51. it is possible 

difference. Taking die aibitrarily polarized light conqxinent to obtain an extremely small focal spci at die seoHid focal 

injected into die halfwave plate as <tv>, and taking die specific point FP^ <rf die ellgtical mirror 52. But if a metal halide 

polarized light con^KWwait diat can be converted to die 45 laIl^) or sfanilar light source diat is substantiaUy line-sh^ 

desired polarized light as 6. die following equation (12) is luminescent is used, die diameter of die focal ^obtained 

saj^shctk will be larger, widi die result diat focal spot diameter is 

limited by die positioning of the diaphragm 54. The colli- 
^<8iDe.5-y (t2) mation lens 56 having a focal Iragdi of f, is so diqx>$ed that 

50 it is separated by a distance along the light path from the 

where secondary focal point FP3 of the elliptical mirror 52 that is 

^sn-RA. substantially equal to the focal length fj, so that the lig^t 

j^-io diverged from die vicinity of the of die second focal point 

R: retardation d die halfwave plate ^ ^ ^ s"b?|f;jti^P 

icuuuau»ii ui ui i«« 55 In all fcspccts otiwr dian diose described above, it is 

Jc wavdcngdi identical to the device of the fourdi embodiment 

designed central wavelength I^ote that the reflective mirror 55 may be a cold mirrcn- 

fiirdier. die phase difference A produced by die halfwave that transmits infrared light (Ught widi a wavelcngdi of 700 

plate may be found using die following equation ^j^^ ^ longer), in which case die heating of the liquid 

60 crystal light valves is prevented, 

.jj. B is finthcr possible in die filtti embodiment by providing 

^^"^'^ ^ Uie same relationship between qieiture diameter of die 

TTiat is to say. a wavelcngdi k diverges from double die iDominating system diaphragm 54 and die die diameter of 

vaUie erf die retardation of die halfwave plate, polarization entrance pupil D^, off die projection lens 39 as has akeady 

conversion ratio <y<|v> drops. The Illuminating Ught injected 65 been described for die fiirst embodiment shown in FIG. 9. a 

into me halfwave plate, however, is homogeneous light of projected image of high teigjitness and contrast can be 

ddier red. green 01 blue csAor, and if the center wavelcngdi obtained. 
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Sixth Embodiment addition to light in the vicinity of 580 Inm], but in this 
FIG. ^ shows the optical systeni of a projection display seventh embodiment the neodymium glass 42 is disposed in 
device in accordance with a sixth embodiment of this the path of the green light, so that it has no effect on the 
invention. The projection display device of the sixth projected image and acts as a narrow*band green- 
embodiment differs from the d^ice in the fourth embodi- 5 transmitting filter that passes light of 535-565 |nm|, thcrdxy 
ment shown in FIG. 20 solely in ttiat in place the rendcfing satisfactory the hue of the green lig^ Similarly, 
tefiecdng minor 36c, it is provided with a dichrotc miiror if the neodymium glass is placed in the paA of the red light 
35c having spectral reflectivity, shown in FIG. 29. such that a similar elBfect will be obtained. 

undesired light lOON passes through. In accordance with this seventh embodiment, undesiicd 

As is shown in FIG. 21. the light emission spectrum of the lO spectral light from die light source does not impinge on the 

metal halide lan^ 31 has a strong peak spectnmi in the color-synthesizing systenu making it possible to minimize 

vicinity of 580 f nm]. If the peak specmun is inchided in red the return light diereby decreasing the adverse effect on the 

or green homogeneous lig^ the red light or green light operating characteristics of the liquid crystal light valve and 

become an orangish red light or a yellow-greenish green rendering the hue satisfactory. 

light Therefore, the peak spectrum is undesired spectral 15 U should be noted that if the neodymium glass described 

ooiiq>ooent. Le.. und^iied light with regard to assuring above is incorporated into the device of the fifth 

satisfactny hue for each of the red, green and blue homo- embodimrat shown in FIG. 27, a similar effect will be 

geocous light that is to say. with regard to broadening the obtained, 

color reproduction range of fiie projected light Eighth Embodiment 

This undesired light ICON emitted by the metal halide 20 FIG. 32 shows the optical system of aprojection display 

lamp 31 is reflected by the parabolic minor 32. passes device in accordance widi the eighth embodiment this 

through Ihe filter 34. is reflected by the dichroicinirTor 35a. invention. As is shown in FIG. 32, the projection display 

passes through the didiroic minor 352^, and. togedicr with device of the eighth embodiment has a light source device 63 

blue light lOOB, inqnnges on the dicfaroic mirror 35c. including a Uanp 61 and a parabcdic mirror 62, and a filter 

Undesired light IMN is removed firom the optical system 25 64 such cmly light emitted from the light source device 63 in 

after passing through the dicfaroic mirror 35c and only blue the visible range passes through. A white li^t source such 

light 1MB is reflected, t)eiiding the light path and illumi- as a metal halide lamp^ xenon lamp or halogen lamp is used 

imting the liquid crystal light valve 37B. as the lamp 61, and the mtud halide lamp has qxxtral 

Since the reflective band of die dicfaroic minor 35c, like characteristics sudi as are shown, for example, in FIG. 21. 

diat of die blue reflection surface of the didiroic prism 3ft. 30 The lanq) 61 is so located that the its center of luminescence 

is wider for the s-polarized li^ component dian for Ifae Is at die position of the first focal point FP| of the dliptical 

p-polarized light component disposing halfwave plate 41B minor 62. Again, the reflective surface of the par^Mdic 

in firont of the dicfaroic minor 35c makes it possible to minor 62 may, if necessary, be treated widi a coatii^ that 

prevent blue lis^t loss at the dicfaroic mimir 35c. Fur&er. permits the passage of infrared lig^ (light the wavelengdi of 

since the blue light and the undesired li£^t are not spectrally 35 ^cfa is greater than 700 [nm]>, reducing the pn^xsrtion of 

adjacent the undesired light can be satisfactorily removed heat radiated toward the liquid crystal light valve. That 

widi ease. portion of the luminous flux emitted by die Uanp 31 that is 

It should be noted that while the above descripticm reflected firom the parabolic minor 62 becomes parallel light 

ccmcemed a case in which undesired lig^lMN is removed 100 and is injected into the filter 34. 

using die falue^ecting dicfaroic mirrar 35c, this invention 40 Ftofaer, die projection display device according to die 

is not thus limited, and undesired light lOON may equally be eighfli embodiment comprises didiroic minors 6&z. 65^, 

removed using a dicfaroic filter, disposed in front of die 65c and 6S</, reflective mirrors 66a and 66b, liquid crystal 

liquid crystal light valve 37B. wfatdi selectively passes only light valves 67R, 67G and €7B. field lenses 68R, 68G and 

the blue light 68B, and projectiott lens 69. 

It is also possible to incorporate the structure for remov- 4S The dicfarcAC mirror 65a reflects green light lOOG and 

ing of undesired light in the sixth embodiment as shown in blue light lOOB and passes red light lOOR, and has spectral 

FIG. 26. into die structiue shown in FIG. 27. transmittance characteristics shown in FIG. 33. The didiroic 

In this Sixth cmbodimrat die light of undesired spectrum minor 65^ reflects green lis^ lOOG and passes blue light 

does not inqpinge on the color-synthesizing system* making lOOB, and has spectral transmittance characteristics shown 

itpossibletominimizeareairnligfatdicreby decreasing the 90 in FIG. 34. The dichrc^c mirror 65c reflects g^n light lOOG 

adverse effect on the operating characteristics of the liquid and passes red light lOIIL and has spectral tra nsmitta nce 

crystal light valve and realizing a projection display device characteristics shown in FIG. 35. The dicfaroic mirror 65^ 

having good color reproduction. reflects red light lOOR and green light lOOG and passes blue 

Seventh Embodiment light lOOB, and has ^)ectral transmittance characteristics 

FIG. 30 shows the optical system of a projection display S5 shown in FIG. 36. 

device in accordance with a seventh embodiment of this b this eighth nnbodimciit having the structure described 

invention. As is shown in FIG. 30. the projection di^lay above, light 100, which is output from light source device 63 

device of the seventh embodiment differs from the device in and passes through filter 64. is sq>arated by die dichroic 

die fourth embodiment shown in FIG. 20 solely in that it is minor 65a into red light lOOR. which passes diough. and 

provided widi a neodymium glass 42 (e.g., product number 60 green light lOOO and blue lig^ lOOB, which axe reflected. 

V-10 from HOYA Corporation) disposed in front of die The padi of red light lOOR is bent by the reflecting mirror 

halfwave plate 41G. The neodymium glass 42 has spectral 66a so that it passes throug|i liquid crystal light valve 67R, 

transmittance characteristics shown in FIG. 31, and has the field lens 68R and dicfaroic miiror 65c. is reflected by 

property of selectively abscKbiDg the ^>ectnunln the vidiuty dicfaroic minor 65J and impinges on projection leos 69. 

of 580 [nm]. 65 Green and blue li^t lOOG and lOOB. which were reflected 

The neodymium glass 42 also absort>s other spectral light by dicfaroic mirror 65a, are separated by dichroic mirror 656 

in the visible region (and particularly in die blue range), in into blue light lOOB. which passes through, and green li^t 
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10#G, which is reflected Green Ught lOOG passes through p-poJarizcd Ught component than for the s-polarized Ughl 
Uquid crystal light valve 67G and fidd lens 680, is reflected conqwnent the reflection band is wider for the s-polaiizcd 
by dichroic miirors 65c and and inqiingcs on projection light conqwnent than for the p-polarized light conqwnent so 
lens 69. Blue li^tlOOB that has passed through the dichroic that blue light lOOB is partiaUy polarized with the 
miner 6Sb passes through Uquid oystai light valve 67B and 5 p-polaiized light conqponcnt stronger than the s-polaiizcd 
field lens 68B, is reflected by the reflecting mirror 66fr. and, light compcmenL Again, the color-synthesizing syston con- 
after passing through the dichroic minw €Sd. impinges on tributing to the hue of the blue projected light is the 
tiie projcctiOT lens 69. The red, green and blue Ught imping- blue-transmitting dichroic minor 65d. and as shown in HG. 
ing on projection lens 69 is synthesized, and is magnified 36, this dichroic mirror €Sd has wider spcctud transmission 
and projected onto the screen IZ lo band for the pixklarized Ugjit component tiian for die 

In FIG. 32. the colcr-separaUon system contributing to the s-polarized Ught component Accordingly, the bhie Ught is 
hue of the red projected Ught is Ac red-transmitting dichroic emitted frwn projection lens 69 with a weak s-polarized 
mirror 65fl. and since, as shown in FIG. 33, the dichroic Ught component and a strong p-polarized Ught conqwnent 
minor 65a has a wider transmission band for the p-polaiized Thus, in c(Hiq>arison with the exanq>le of prior art shown in 
Ught con^oncnt dian for the s-polarized Ught cwnponenl, 15 FIG. 5. both tfic s-polarized and the p-polarized Ught corn- 
red Ught lOOR is partiaUy polarized with the polarized poncnts of tiie blue Ugjit lOOB can effectively pass through 
Ught con^nent stronger tfian the solarized Ught conspo- the dichroic mirror 6W. so a stronger blue ilhimination can 
ncnt be obtained. 

Again. Ae colcff-synthesizing system contributing to ttie As has been c^)lained above, the configuration is sudi 
hue <rf the red projected Ught is the red-transmitting didiroic 20 that in the Ught pattis of the red, green and blue iUuminating 
mirrw 65c, and, as shown in FIG. 35. diis dichroic minor systems. Oic Ught either passes througji bodi a color- 
65c has a wider transmission band for the p-polaiized Ught separation dichroic minor and a color-synthesizing dichroic 
component than for the s-polarized Ught component. minor that contribute to the hue of each of the pdmary 
Accordingly, die red Ught is emitted from projection lens 69 odors, or is reflected by bcth a color-sqaratioD dichroic 
as a projected Ught with a weak s-poiarized Ught component 25 ininror and a color-synthesizing dichroic minOT&at contrib- 
and a strong p-polarized U^t component Thus, in conqiari- ute to the hue of each of the primary colors, so that the 
son with the example of prior art shown in FIG. 5, both the magnitude rciationsfaip between the p-polarization and the 
s-polarized and tiie p-polarired U^ components of the red si)olarization of the color-separation didiroic minor that- 
light lOtR can effectively pass tiirough ttie dichroic minor contributes to the hue of each of the primary colors can be 
65c, so a stronger red iUumination can be obtained. 30 made identical with the m agnitude rdaUonshy between the 

The color-separation system contributing to flic hue of the p-polarization and the s -polarization of the color- 
green projected li^it in FIG. 32 is, foe longer wavelengths, syntiiesizing didiroic mimn: Thus, in comparison with the 
die greaiHcflecting didiroic miirOT 6S0, and for loiter example from prior art diown in FIG. 5, the red, green and; 
wavelengths, ttie green-reflecting dichroic minor 656. blue U^ components can effectively impinge ttic projection' 
fflnce, as shown in FIG. 33 and FIG. 34 respectivdy, flie 35 lens 69, an image of higher Wghtncss can be diqpUyed on 
dichroic minors 65a and 6Sb have a wider transmission the screen 12. 
bond for the p-polarized light component than for the Ninth Embodiment 

s-p(^arized Ught conqwncnt the reflection band is wider for FKJ. 37 shows tiie optical system of a prqection display 
flie s-polarized U^t con^nent tiian for the p-polaiized - device in accordance witii a ninth embodiment, of tiiis 
Ught conqKJOcnt, so dial green Ught lOfG is partiaUy polar- 40 invention. As is shown in FIG. 37, tiie projection diqxiay 
ized with tiie s-polarized light component ^nger tiian ttie device of flie nintii embodiment differs from ttie device in 
p-polaized Ught conqwnent Again, ttie color-synttiesizing ttie dghtti r m horti mc nt solely in that in place of Ught source 
system contribuUng to the hue of ttic green projected U0it is device 63, it is provided faitii a Ught source device 73 
for longer wavelengtiis. green^ecting didiroic miiror comjoising a larnp 71 and eUqrtical iniiror 72. an illuminat- 
65c, and. for shorter wavelengtiis, is green-reflecting didi- 43 ing system duqihragm 74, a reflective minor 75 and a 
roic mirror 65d: As is shown in HG. 35, tiie dicfaroic minor coOimation lens 76.'nie eU^cal mirror 72 has a first focal 
65c has wider spectral transmission band for tilcp-pctoized point positioned in tiic vidnity o£ the central point of 
Ught component ttian for the s-polarized Ught consent so luminescence of ttie lamp 71, so that the pcHtion of the Ug|it 
tiiat tiie rejection band is rays wider for ttic s-polarized Uglit emitted by the lamp 71 tiiat is reflected by tiie cUiptical 
component tiian for tiie p-polarized Ught component Again, 50 minor 72 is focused at ttie second focal point fp2 of ttie 
as shown hi HG. 33, ttie green-reflecting dichroic minor eU4>tical minor 72 to form a secondary Ught source. If a, 
6&/ has wider spectral transmission hand for tiie p-polarized xenon lan^ or shnilar Ught source ttiat is substantiaUy 
Ught conqxment ttian for tiie s-polarized Ught component so dot-sh^ied Umiinescent is used as the lan^ 71, it is possible . 
ttiat Uie reflection band is wider for tiie s^xjlarized Ug|it to obtain an extremdy smaU focal spot at ttic second focal . 
component tiian for tiic p-polarized Ught conqx>nent. 55 point FP, of tiie eUiptical minor 72, but if a metal h^ide' 
Accordingly, tiie green Ught is emitted from tiic projection laiiq> or similar U^ source ttiat is substantiaUy Une- 
Icns 69 witii a strong s-polarizcd light component and a himinesccnt is used, ttic diameter cf ttie focal qwt obtained 
weak p-polarized Ught con^ncnt Thus, in canparison wiU be larger, witfi tiic result tiiat focal spot diameter is 
witfi tiie exanqile from prior art shown in FIG. 5. botii tiie Umited by ttic posiUonijig of ttie diaphragm 74. The coUi- 
s-polarizcd and ttie p-polarized Ught con^nents of ttie 60 maUon lens 76 having a focal Icngtii f^ is so disposed ttiat it 
green Ught IHG can be effectivdy reflected by the didiroic is separated along tiie Ught patfi from secondary focal point 
minors 65c and 65d, so a stronger green iUumination can be PPj of tiie dUptical minor 52 by a distance ttiat is substan- 
ol^ed. tiaUy equal to tiie focal lengtti f^, so that tiie Ught diverged 

The color-sq>aration system contributing to ttic hoe of tiie from tiic vicinity of flie second focal point FP^ and reflected 
Uue i»ojected Ught in FIG. 32 is tiie bUie-lransmitting 65 by tiic mirror 75 wiU be substantiaUy paraUd. In aU respects 
dichroic mirror 65b. and since, as shown in HG. 34. ttiis otiicr tiian tiiose described above, it is identical to tiie device 
dichroic minor 65fr has a wider transmission band for the of the eighth embodiment 
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Note that the reflective mirroi- 75 may be a cold miiror by the didirotc mhrar SSb into green light lOOG. which 

that transmits infrared light (light with a wavelengtf) of 700 passes through, and red light lOOR. which is reflected. Red 

[nm| or longer), in which case the heating of the liqtiid light lOOR passes through the halfwave plate 91R. the liquid' 

crystal h0tt valve is i^evented. cxystal light valve 87R and the field lens 88;R. is reflected by 

It is further possible in the ninth embodiment by provid- s the didiroic miiror SSc. passes through the dichroic minor 

ing the same relationship between apeiture diameter of SSd and iiiq>inge$ on the projection lens 69. Green light' 

the illuminating system diaphragm 74 and the diameter of lOOG, which has passed through the dichroic mirror flSfr*. 

entrance pupQ of the projection lens 69 that is shown in passes through the halfwave plate 910. the liquid crystal 

Equations (7) and (8), as has already been described for the light valve 870 and field lens 880. is reflected, by the 

first embodiment shown in FIO. 9. a projected image of high lO reflecting minor 866. and. after being reflected^ by the 

brightness and contrast can be obtained. dichroic aiinor 85^. impinges on the projection lens 69. The; 

Tenth Embodiment red, green and bhie light inqtinging on the projection lens 69: 

FIG: 38 shows the optical system of a projection display is synthesized, and is nu^nified and projected onto the 

device in accordance with a tenth embodiment of this . screen 12. 

invention. As is shown in FIG. 38. the jHojection display is In FIG. 38. the color-separation system contributing to the 

device according to the tenth embodiment comprises^ as in hue of the blue projected light is die Uue-reflecting dichroic 

the device shown in FIG. 32. has a Ught source device 63 miiror 85a. and since, as shown in FIG. 39, the dichroic 

including a hanp 61 and a parabolic mirror 62. and a filter miiror 8Sa has a wider transmission band forthep-polarized 
64 through which only the illuminating light emitted from ' light component than for ttie s-polarized lig^ coiEiq>onent. 

light souice device 63 In the visible range passes. The 20 the reflecti<Mi band is wider for the s-polarized light corn- 
projection display device of the tenth embodiment also- ponent flian for die p-p<daiized lig^ component and blue 

concfirises dichroic miirors 85a. 856. 85c and 85dl. reflective light lOOB is partially polarized wifli the s-polarized li^ 

mirrors 86a and 866, halfwave ^ates 91R. 91G and 91B. , conaponent stronger than the p-polarized component 

liquid crystal light valves 87R, 870 and 87B, field lenses By passing through the halfwave plate 91B. this blue lig)it 

8SR, S8G and 88B. and projection lens 69. 25 is partially polarized with the p-poladzed light coiiqx>ncnt 

The relationships betwem optic axis 42 of the halfwave stronger than flie s-polarized light coni^nent Again, the 

plate 91R and the incident lig^t and between the injection ^ color-syntfaesizuig system contributing to the hue of the blue 

light and die emission light of the halfwave plate 91R are the prcjected light Is the red-transmitting didiroic mirror SSd, 

same as that shown in FIG. 22. liking flie anglLe fonned by - and, as shown in FIG. 42. this dichroic mirror 85^ has a 

the plane of vibration of arbitr a ry polarized light (when 30 wider transmission band for tfie polarized lig^t component 

natural light is injected into the halfwave plate) wifli the than for the solarized light conqwncnt 

optic axis 42 of the halfwave plate as ct the emission ligiht Accordingly, the blue light is emitted from the projection 

win be polarized with the plane of vibration at an angle of lens 69 with a strong p-polarized lig)it conq)onent and a 

2a with the respect to the plane of vibration of the arbitrary weak s^wlarized light component Thus, in conq>aiison with 

polarized light of the incident light. In this tenth 35 the example of prior art shown in FIG. 5, both the 

eiiibodimetit,by setting the angles a fonned l^flie]danes of - s-pcdatized and &ep-polaiized light components the blue 

vibration (tfbodi ^polarized 11^ and p-polarized light wifli light lOOB can effectively pass throug^b the dichioic minor 

the optic axis 42 of die halfwave i^ate to 45*^, angle 2a was SSd, so a stronger bfaie iUuminatfon can be obtained, 

made to be 90°. Thus, the s-polarized light con^nent of flie The colcx'-sqparation system contributing to the hue of the 

incident light by passing througlh the halfwave plate 9UL is 40 red projected Hght in FIG. 38 is red-reflecting didiroic 

emitted as light having the plane of vibration (tf p-polaiizcd minor 856, and since, as shown in FIG. 40. this didiroic 

light and in the same way. the p-pc^arized ligltt component minor 856 has a wider transmission band for the polarized 

is emitted as light having the plane of vibration of light componoit than for the s-polarized light component 

s-polarized light Halfwave plates 910 and 91B have analo- the reflection band is wider for the s-po)axized Hght com- 

gous functions. 4S ponent than fa* the p-polarized li^t oonqxuient so that red 

The didiroic minor 85a reflects blue light 1MB and li^t lOtR is partially polarized with the p-polarized light 

passes red tight IMR and green light IMG. and has spectral component stronger flian die s-polarizcd h0it component 

transmittance characteristics shown in FIG. 39. The dichroic By passing through die halfwave plate 91R. this red light is 

minor 856 reflects red light 190R and passes green light partially polarized with the p-potarizcd light conqponent 

IMG. and has spectral transmittance diaracteristics shown 50 stronger than the s-polarized light con^nent Again, the 

in FIG. 40. The dichroic mirror 85c reflects red light IMR cotor-synthesizing system contributing to the hue of the red 

and passes bhie light 1MB. and has spectral transmittance projected light is red-transmitting dichroic mirror 85d, and 
characteristics shown in FIG. 41. The dichroic mirror 85^ as shown in FIG. 42. this dichroic miiror 9Sd has wider 

reflects green light lOOG and passes bhie lig^t 1MB and red spectral transmission band for the p-polaiized ligiht con9X>- 

ligbt IMR, and has spectral transmittance characteristics ss nent than for the s-polarized lig|it conqwnent Accordingly, 

shown in FIG. 42. in the structure shown in FIG. 38. the red light is emitted 

In this tenth embodiment having the sducture descrrt)ed from projecti<Hi lens 69 with a strong p-polarized light 

above, light IM. which is output from the light source c<Hnponent and a weak s-polarized light component Thus, 

device 63 and passes through the filter 64, is separated by the in comparison wi& the cxan^e of prior ait shown in FIG. 

dichroic minor 8Sa into the red light and green lig^t IMR 60 5. boQi die s-polarized and the p-polarized light components 

and lOOG. which pass though, and blue lig^t 1MB. which is of the red li^t IMR can effectively pass throu^ die 

reflected. The path of l>lue light 1MB is iKnt by the dichroic mirror 9Sd. so a stronger red iUumination can be 

reflecting miiior 86a so that it passes through the halfwave obtained. 

plate 91B. the liquid crystal light valve STB, the field lens The color-separation system contributing to the hue of the 

88B and the dichroic mimHs 85c and 85J, and in^ges on 65 green projected light in FIG. 38 is. for shcHto* wavelengths, 

die projection lens 69. Red and green light IMR and IfOG, the green-transmitting dichroic minor 85a. and for longer 
v^ch passed through the didiroic xnirror tifia, are sq>arated wavelengths, the green-transmitting dichroic miiror 856. 
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Since, as shown in FIG. 39 and FIG. 40 respectively, the reflective characteristics of the dicfaroic inirror 85a and the 

dichroic mirrors SSa and 85^ have a wider transmission transmittance characteristics of the dichroic mirror 85^^ will 

band for the p-polarized light conqment than for the be as shown in FIG. 45, and the spectrum of the blue light 

s-polarizcd light coaqwncnt green light lOOG is partially will be as shown in FIG. 46. As die angle a increases from 

polarized with die p-polarized light con9>onent stronger than 5 0^ (a^45^). the wavelengdi band used widens toward the 

the s-polarized lig^t component By passing through die long-wavelengdi side and the spectral band becomes wider, 

halfwave plate 91G, this green light is partially polarized ^^^1 ^ ^ understood that the hue of the blue light 

with s-polarizcd light component stronger than the becomes paler. 

p-polarizcd light conqwncnt Again, the color-synthesizing g providing for the revolution of the halfwave plate 

system contributing to the hue of the green projected light IS around the cmtical axis AX, the polarization characteristics 

&e gran-transmittin^ 85rf, and as shownm ^ ^ ^ s-polarized light components passing through 

FIG. 4i this dicteoic muTor 85J has a widn spe^ pCcdrnS^, chLiging tfiVTuminous flSk 

tosj^ssion bandfor^ hS^^jeneous projected 

S^d^rwlSTth^t^ li^t^det.^^^ 

the p-polarized li^ component Accwdingly, in flic struc- ^5 Twdfth Bnbodiment a- ^ 

turc shown in FIG. 38, ftc green light S emitted from HG 47 shows the optu^ systemof a p^ 

projection lens 69 with a strong s-polarized Ught consent device in accwdancc with a twelfth cmbodunent <tf this 

and a weak p-polarized light component Thus, in conq>ari- invention. As is shown in FIG. 47. the projecUon di^lay 

son wito the csiample of prior ait shown in FIG. 5. both the device of the twelfth embodiment differs from the device in 

s-poiarized and the p-polarized light components of the 20 the eighth embodiment shown in FIG. 32 solely in that it is 

green light lOOG can be effectively reflected by fliedidiroic provided, brfore the green-light liquid crystal light valve 

minor 8SJ. so a stronger ^een illumination can be obtained. 67G with a dichroic filter 93 having flie polarization trans- 

As has been esqslained above, Ifae configuration is such mittance characteristics shown in FIG. 48. 

that in the light paths of the red, green and bhie illuminating The spectnmLi (rf the Ug^ emitted from the metal halide 

systems, the light cither passes through botti a color- 25 lamp 61 has, as shown in FIG. 21, a strcmg peak in the 

sq>arationdiciiroic mirror and a cdor-synfliesizing dichroic vicinity of 580 |nm], but its inclusion in red or green 

miiTGr that contribute to the hue of each of the primary homogeneous light results, respectively, in an oiangish red 

colors, or is reflected by both a color-separation dichroic light or a yellow-greenish green light Thus the strong peak 

miiior and a color-syntfacsizing dicfaroic iniiror that contrib- in the - vicinity of 580 [nm] is an undesired spectral 

ute to the hue of each of toe primary cc^ors. Therefore, flie 30 component or undcsired light wilh regard to assuring 

ma gnitiiHf relationship between the p-polarization and the sati^actc^y hue for each of flie red, green and bhie hosno- 

s-polarization of the color-sq>aration dicfaroic n^nor fliat geneous light that is to say. wifli regard to broadening the 

contributes to the hue of eacfa of the primary colors can be reproduction range of the projected light 

tTn»H^ identical wifli the magnitude redationshq> b^ween the In this twelfth embodiment that portion of the UgM 

p-polarization and the s-poiarization of the color- 35 emitted by the metal halide lanq> 61 that is rcflerted by the 

synthesizing dicfaroic mirror. Accordingly, in comparison parabolic mirror 62 becomes substantially parallel light 1#0 

with the exami^ from prior art shown in FKj. 5. an image and impinges on the filter 64. The fiber 64 allows the 

higher brightness can be displayed. passage of visihle light only, and reflects or absort>s undes- 

Eleveitth Embodiment ixed infrared or ultraviolet lig^t 

FIG. 43 shows the optical system of a projection display 40 After passing through the filter 64. iUuminating light 100 

device in acccrdance with an eleventh embodiment of this impinges on die didaoic mim^ 65a. The didiroic minor 

invention. The {vcjection disf^y device oi the eleventh 65a reflects green tight lOOG, bhie light lOOB and undesired 

embodiment differs frtMn the device in the tenth embodiment light lOOK. and transmits red light lOOR. The path of red 

shown in FIG. 38 solely in tiiat it is provided wifli rotation lig^t lOOR is bent by the reflecting mirror 660 so that it 

mechanisms 9% 92G and 92B. which effect the revcdution 45 impinges on the liquid crystal light valve 67R. The green 

of the halfwave plates 91R. 91G and 91B. The rotation lig^t lOOG. blue lig^tiOOB and undesired tight lOOK, which 

mechanisms 92R, 92G and 92B have flic function of effect- were reflected by the didiroic minor 65a, impinge on the 

ing the revolution of the halfwave plates 91R. 91G and 91B. didiroic mirror 65K The didnoic roiiror 656 reflects green 

respectively, around the optical axis AX. tight lOOG and undesired tight lOON, and transmits blue 

If die halfwave plate is positioned so that the angle a 50 tight lOOB. The dicfaroic filter 93 removes die undesired 

formed by the p-polarized tight and die s-polaiized tight tight lOON from the light consisting <^ green light lOOG and 

with the optic axis 42 (shown in FIG. 22) is 45°, and tig^t undesired tight lOON, and green tight lOOG inqpinges on die 

is caused to pass passing through die halfwave plate, die liquid crystal tight valve 67G. An analogous is effed is 

s-polarized tight wiU be p-polarized, and die p-polarized obtained witti req)ect to die other primary colors by dispos- 

tightwillbes-polarized.Ftirthci.no phase difference occurs 55 ing a dicfaroic filter in the tight pa^ of each. In accordance 

when the an^e a formed by die s-polarized ti^ with die widi this twelfth embodiment lifi^t of undesired spectrum 

optical axis AX is 0**. that is to say, is coincident so that even emitted from the tight source is prevented from iiiq>inging 

when me tight passes through the halfwave plate, it does not on the color-synthesizing system, so diat die hue can be 

function as a phase-shifting plate. If it is assumed diat die made better. Note that the didiroic filter described above 

angle a formed by the p-polarized ligltfwiUi the optical axis 60 may also be incoiporated into the device of the ninth 

AX is <^ the p-polarizcd tight component and die embodimrat. 

s-polarized tight conqponent ^, of die inddent tight wilL as Thirteenth Embodiment 

shown in FIG. 44. become die p-polarized tight con^ioncnt FIG. 49 shows the optical system of a projection display 
<> * and the s-polarized light coix^nent 4>,of the synthesized device in accordance widi a thirteenth embodiment of this 

light 65 invention. As is shown in FKj. 49, the projection display 
When the halfwave plate 91B is turned 45° (Le.. '/a turn). device of the tfairteendi embodiment differs from the device 
the integrated spectral characteristics obtained from ttie io the eighth embodiment shown in FIG. 32 soldy in that it 
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is provided with Deodymium glass 42 (e.g.. V- 10) disposed By means of tiie configuratioa described above, the hot air 
in front of the grceo-coior liquid crystal light valve 67G. The within the reflecting miiror 101 is led into the gap 101a and 
Deodymium glass 42 has ^)ectral characteristics shown in esihausted to the rear of the reflecting minor 101. thereby 
FIG. 31* and has die property of selectivdy absorbing the making itpossitde to produce a substantially unifoan flow of 
spectrum in the vicinity of 580 | nm|. 5 cooling air in the vicinity of the light-emitting tube 102 and 

The neodymium glass 42 also abscubs other spectral light on the innff surface of the reflecting mirror Itl. 
in die visible range (and particulariy in the blue range), in in this fourteenth embodiment, a method b described foi 
addition to light in the vicinity of 580 |nmU but in this ^^^^ cooling using the axial^ow fan lt7 to lead the 
thirteenth embodiment die neodymium glass 42 is disposed hidj-tcmperaturc air widiin the reflecting minor 101 to the 
inthepathofthcgrcenUghtsothalithasnocffectondie ^ of the reflecting mirrorlOl. But by making use of the^ 
projected linage and acts as a njurow-band g^^^^^ rise of hot air due to natural convention, even more powerful: 
tranamttmg mtcr. °J P^^^ ' cooling may be effected. For «ample. by configiring the^ 

the hue of die gr^n hght ^i^^ein such a wayZ^axis m 

Similarly, if the neodymium glass IS placed m die path <^ the ^ ^ v . . . ii_ ^ ■ 

red light a similar effect wmte obSincd. ^ subsumtjally vextxaO, the 

Id accordance with ttiis thirteenth embodiment, undcsired 15 coolmg effect can be mcrcased and the load on die axial-flow 
q)cctral light from &e light source docs not in[q)inge on die fan 107 can be reduced. 

color-synthesizing system, making it possible to minimize As described above, it is possible, by means of this 
die return light, thacby decreasing the adverse effect on the fourteenth embodiment to e lTminar r the inconveniences and 
operating diaracteristics d the liquid crystal light valve and the deterimtion in the tran^xarency of the walls of the tube 
rendering the hue satisfactory. 20 when the silica glass c(Miq>osing light-emitting tube 108 of 

It should be noted that the neodymium glass described the metal halide lan^ 102 exceeds s^)proumately 930*^ C. 
above may also be incoqxxated into the device of the ninth Further, the uniform flow of air over the surfaces of die 
embodiment light-emitting tube 108 makes possible die uniform cooling 

Fourteenth Enibodiment of the surface, thereby preventing the blackening phenom- 

FIG. 50 and RG. 51 show the sinqplified configuration of 2S enoo that may occur when localized drops in surface temr 
a light source device in accordance with a fourtemth peiature below approximatdy 750^ C occur, 
embodiment of this invention. FIG. 50 is a cross-sectioiial A li^ source device having two gaps 101a revolving 
view and FIG. 51 is a perspective view. symmetrically widi respect to the axis of revolution of the 

This light source device conqsrises a reflecting mirror 101 reflecting mirror in an q>eitiire for die inserticHi of a light 
consisting of a quadratic surface of revolution such as a 30 source, and two axial-^ow fans 107 of differing rated iqputs 
spherical. paraboHc; elliptical or odier surface of revolution. were prepared, and measurements were made of ten^jera- 
a short-arc type metal halide lamp 102. a mouth piece 103 tures of the light-rmitting tube 108 and the inner wall: 
for holding the m^ halide lanq> 102. a holding piece 104 surface <^ the reflecting mirror 101. Measurements were 
for holding the mouth piece 103. a heat-resistant inorganic madeat three points, A first measured pcnnt is on the surface 
bonding agent 105 for bonding the moudi peace 103 to the 35 of the tube 108a, is near die g^ 101a, and is considered to 
holding piece 104, a hea^reststant inorganic bonding agent be good at the flow of the cooling air: A second measured 
106 for bonding the holding piece 104 to the reflecting point is on die airfacc of the tube 108&, is distant firom the 
minor 101, and a fan 107 for circulating air. As can clearly g^ 101a and is considered to be poor at the flow of the 
be seal in FIG. 5L a g^ 101a is formed behind the cooling air. A third point is on the inner surface of die 
reflecting minor 101 so that by die operation of the fall 107 40 rcflecttng minor 101 and is dose to the gap 101a. The size- 
an air flow can be generated from widiin die reflecting c^theregionin which die hoMiiig piece 104 is blocking the' 
mirror 101 through the gap 101a in the direction of the qxrture for die insertion of the lan^ and the size d the gap! 
arrows. 101a are substantially the same. The metal halide lamp 102^ 

The metal halide lan^> 102 con^ses a lig|it-«mitting has a lamp power of 200 and Hght-cmitting tube 108 ist 
lube 108 made of silica glass or the like and provided - 45 made of silica glass. The reflecting mirror 101 is an Hltpttra! } 
internally widi a pair of discharge electrodes 109. molyb- mioror widi an outer diameter of approximately 70 [mm], 
denum foil 110 joined to the discharge electrodes 109. and made of material that is approximately 2 [mm] thick, and is 
external lead 111 joined to die molybdenum fcH 110. To provided widi an ^[jerture qiproximately 15 [mm] in diam-- 
achieve high radiant energy, the metal halide lamp 102 is a eter for lanq> inscrticHi. Also, the holding piece 104 is so 
high-farightiiess and hig|i discharge^nergy lamp in which 50 designed that the two minute gaps 101a is disposed sym- 
metallic halogen compounds are encapsulated within the metrically. The axial-flow fans used had rated inputs of 2.64 - 
light-emitting tube 108 and the atomic and molecular lumi- [W] and 1.92 [W], and measurements were made at an 
nescence is utilized The metal to be encapsulated is deter- ambient temperature of 25** C. 

mined by spectral reaction curves. Tndium, iron, galHmn cr As shown in FIG.5Z it was confirmed that each point was 
the like is encapsulated to obtain light in the 300-500 [nm] S5 qjproximately 875° C for the first point on the tube 108a. 
raiige. and dialUum, a inixture of thallium and sodiuin, or the qiproximately 925** C for the second point 108&onthetube 
like is cncq>sulated to obtain light in die 500-600 [nm] 108fr» and qifsoximately 210° C. for the inner wall c( die" 
range. During the operation of the lamp, the rn^^nmo halo- reflecting miiror 101. It is possible to effect finer control of 
gen compounds are ddicr partially or wholly v^xznzed, temperature by changing the size and stu^ of the gap 101a. 
reaching an equilibrium of dissociation and cosxibination that to and rfmnp n g the specifications of axial-flow fan 107. 
dq>ends on the temperature within the arc discharge so that It is also possible, as shown in FIG. 53. to provide an 
at the center of an arc with a t enipcxa tuic of aj^iroxiinately air-flow stratghtening fin 113 at the tip of the light source 
6000 [K]. dissociation into metal atoms and halogen atoms holding piece 104 oriented toward the metal halide laiiq> 
is substantially total and light emission diaractcristic of 102. in whidi case the air surrounding the metal halide lan^ 
rndtal atoms occurs. Molecular luminescence originates 6S 102 is exhausted mere effectively, 
away from the center, where tenqxratures are somewhat It is also possible, as shown in FIG. 54, to hold the light 
lower. source holding piece 104 to the reflecting mirror 101 at a 
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single point by means of bonding agent 106 so that the gap 
101a is substantially C-shapcd, In this case, the metal halide 
lamp 102 is operated in a substantially horizontal orientation 
so that as a result of natural convection, the upper part of 
light-emitting tube 108 is hotter than the lower part. But if 
ttit bonding agent 106 is ^lied to the lower part of the 
light-emitting tube 108. so that the flow of air at the upper 
part is greater than at the lower part, it is possible to increase 
the unifonnity of the temperature distribution of the light- 
emitting tube 108. 

It is also possible, as shown in FIG. 55. to form the light 
source holding piece 104 and the mouth piece 103 into a 
single conqwnent. 

It is further possible, as shown in FIG. 56. to provide a 
straightening fin 114 at the tip of the mouth piece 103. in 
which case the air in the vicinity of the inner wall of the 
reflecting mirror 101 is exhausted more effectively. 

It is liirthcr possible, as shown in FIG. 57. to provide a 
straightening fin 115 at the tip of mouth piece 103, in which 
case the air in the vicinity of the inner wall of the reflecting 
minor 101 is exhausted mofc effectively. Also, by making 
the inner surface of the stxaig^tcoing fin 115 into a light- 
reflecting mirror having a shape similar to that of the 
rcflecttng minor 101. it is possible to utilize luminous flux 
directed toward the g^ 101a as llluminatton. 

It is further possible, as shown in FIG. 58. to hold the light 
source holding piece 104 to the reflecting mirror 101 at a 
single point by means of bonding agent 106 so that the gap 
lOla is substantially C-shaped. In this case, the metal halide 
lanq> 102 is operated in a substantially horizontal orientation 
so that a is a result of natural convection, flie uppez part of 
the light-emitting tube 108 is hotter than the lower part But 
if bonding agent 106 is appMcd to the lower part so that ttie 
flow of air at the upper part is greater than at the lower part, 
it is possible to increase the uniformity of the temperature 
distribution of light-emitting tube 108. 

It is further possible, as shown in FIG. 59. to dispose a 
duct 116 between the axial-flow fon 107 and the reflecting 
minor 101. in which case the air-conducting effect of the 
axial-flow fan 107 is enhanced. And if a light-absocbing 
body tl6o is mounted on ttic side surfooes of the duct 116. 
it is possible to block the leakage <^ luminous flux to the rear 
(tf the reflecting mirror 101, and tbtxthy to suppress damage 
to the axial-flow fan 107 and stmctural cl^nents diqx>sed in 
its vicinity resulting from ultraviolet radiation and the like 
passing through the reflecting mirror 101. 

What is claimed is: 

1. A projection display device comprising: 
a light source means for emitting substantially parallel 
light; 

a color-separation means for separating the light from said 
light source means into red. green and blue li^t; 

scattcring-type liquid crystal light valves for red. green 
and blue light, for forming a transmitting-state region 
that transmits the light emitted by said light source 
means and a scattering-state region that scatters the 
ligfht emitted by said light source means, fliercby form- 
ing images on said liquid crystal light valves; 

halfwave plates for red. green and blue light each dis- 
posed in the path of the light transmitted through said 
liquid crystal lig^t valves for red. green and blue light, 
and capable of rotating a plane of vibration of all 
aitntrary polarized light t>y a predetermined angle; 

a dichroic prism for synthesizing the red. green aiKl blue 
light that respectively passed through said liquid crystal 
light valves; and 
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a projection lens for magniiying and projecting the light 
emitted by said dichroic prism onto a SGreen. 

2. The projection display device of claim 1. wherein said 
halfwave places for red. green and blue light arc so di^>osed 
that an angle between an optic axis of said halfwave plate 
and a plane of vibration of p-polarized light is 45**. and an 
angle between an optic axis of said haliwave plate and a 
plane of vibration of s-polarized light is 45*^. 

3. The projection display device of claim 1, wherein a 
light incident surface and a light emission surface of each of 
said halfwave plate are provided with a nonreflective coat- 
ing. 

4. The projection display device of claim 2. wherein said 
coior-scpaFation means further includes a light removing 
means for preventing light of undesired spectrum firom 
impinging on said halfwave plates or said liquid crystal lig^t 
valves. 

5. The projection di^Hay device of claim 4. wherein said 
ligh t removing means is eitber a dichroic noirror that is 
diq>osed in the path of the blue light, transmits the light of 
undesired spectrum and reflects the blue lig^t only, or a 
dichroic filter that is disposed in the path of the blue light and 
transmits the bhie light only. 

6. The projection display device of daun 5. v^erein said 
dichroic mirror is disposed' on the downstream of said 
halfwave plate provided in the path of the bhie light. 

7. The projection display device of ctahn 4. wherein said 
light renKmng means is made from neodymium glass. 

8. The projection display device of claim 7, wherein said 
neodymium glass is disposed in ttie vicinity of said liquid 
crystal light valve for green lis^t or for red Ught 

9. A projection disfday device comprising: 

a light source means for emitting substantiaUy parallel 
light; 

a color-sq>aration noeans for separating the light firom said 
light source means into red. green and bhie light, said > 
color-sq)arating nxeans having wideband transmission^ 
property with respect to either p-polarized light coa>- 
ponent oc s-polarized light component of each of the^ 
red. green and blue li^t. and narrowband transmission; 
property with respect to the other conq>onent; 
scattering-type liquid crystal light valves for die red.^ 
green ami blue light, for forming a transmitting-state' 
region that transmits the light and a scattering-state 
region that scatters flie li^t thereby fonmng images* 
on said liquid crystal light valves; 
a light-synthesizing means for synthesizing the red. greeny 
and blue light ead> of which passed through said liquid ^ 
crystal light valves, said light-synthesizing means hav- 
ing wideband transmission property wUta respect to 
eitiker the p-polarized Ught conqponent or s-polarized 
light con^xment of each of the red. green and blue light 
and narrowband transmission property with respect to 
the other component; and 
a projection lens for noagnifying and projecting the light 
emitted by said color-synthesizing means onto a screen; 
farcin a kind of the polarized light conqponent having 
wideband transmission property in said color- 
separation means is identical with a kind of the polar- 
ized light con^wnent having the wideband transmis- 
sion property in said color-synthesizing means with 
respect to each of the red, green and blue light 
10. The projection display device of claim 9. 
wherein said color-s(^>aration means includes a first dich- 
roic mirror for transmitting the red light and reflecting 
the green and blue light and a second dichroic minor 
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for transmitting the blue light that was reflected by said 
first didirolc mirrar and refiectiog the green light that 
was reflected by said first diduoic mirror; and 

wherein said cQlcff-synthesizing means includes a third 
dichroicinirra' for transmitting the red light that passed ^ 
througli said liquid crystal light valve for red l^t and 
reflecting the blue light that passed through said liquid 
crystal light valve for bhje l^ht, and a fourth dichroic 
mirror for transmitting the green light that passed 
through said liquid aystal light valve for green lig^ht 
and reflecting the blue light that was reflected t^y said 
third dicfaioic miiror and the red light that passed 
through said third dichroic mirror. 

11. The projection display device of claim 9. 

wherein said color-sqwation means includes a fif& dicb- 
roic minor for transmitting the red and green light and 
reflecting the blue light and a sixth dichroic moror fcr^ 
transmitting the green light, that passed through said, 
fifth dichroic miiror and reflecting the red lig^t thatv 
passed through said fifth dichroic minror; ^ 

wherein said color-synflicsizing means includes a sevenfli 
dichroic minor for transmitting the blue light that 
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passed through said liquid crystal light valve for blue 
light and reflecting the red light that passed through 
said liquid crystal light valve for red light, and an 
eighth dichroic mirror for reflecting the green light that 
passed through said light liquid aystal light valve for 
green light and transmitting the red li^t that was 
reflected by said seventh dichroic miiror and the blue 
light that passed flirough said seventh dichroic minor; 
and 

wherein a halfwave plate is provided In the vicinity of 
each of said liquid crystal light valves. 

IZ The projection display device of claim U. further 
con^sing a revolving means fcH* causing said halfwave 
{Me to rotate about the optical axis. 

15. The projection diqilay device of daim 11. further 
con^xising a light removing means disposed in the lig^t 
paths for eadi color, said light removing means removing 
undesired light 
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